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I. INTRODUCTION
In the wake of the Asian financial crisis, Malaysia experienced an unprecedented decline in private sector investment. After rising steadily between 1987 and 1997 to over 30 percent of GDP, private investment collapsed and only began to stage a gradual recovery in 2004. At about 10 percent of GDP in 2005, however, it still remains substantially below precrisis levels. With the decline in private investment and a relatively stable savings rate, Malaysia's current account has shifted from a deficit to a substantial and widening surplus since the late 1990s. This paper's main focus is to explain Malaysia's investment trends and their implications for growth. Conclusions drawn for the scope of promoting a recovery in private investment may also be relevant for other countries in the region that have suffered a private investment slump in recent years. To the extent that large current account surpluses in emerging Asia reflect this broader investment slump, the analysis would also be relevant for the adjustment of global imbalances.
The paper analyses macroeconomic trends, particularly the relationship between real output growth and investment, and firm-level data, focusing on the relationship between firm characteristics and investment. Using a relatively long time series of aggregate private investment permits a more formal assessment of long-and short-run determinants and deviations of private investment from its fundamentals, helping identify periods of (under)-overinvestment. In part reflecting data constraints, however, the effect of certain factors, especially those related to the health of the corporate sector, is difficult to capture at the aggregate level. Therefore, we also employ firm-level data to shed light on the role of corporate profitability, potential financing constraints, and to assess differences in investment behavior across sectors of the economy.
Our main findings include: (1) in the long run, the level of private investment in Malaysia has been closely related to real GDP, but there is evidence of sustained overinvestment, in particular in the property sector, in the years leading to the Asian crisis; (2) private investment is thus unlikely--and unnecessary from a growth perspective--to return to precrisis levels; (3) besides macroeconomic conditions, a shift in investors' perceptions, which may have been triggered by the crisis itself or by prolonged overinvestment, appears to have contributed to the sharp decline in private investment in recent years; (4) at the firm level, profitability is the main determinant of investment in Malaysia across all sectors; and, (5) while firm size also generally matters, other factors, notably financing constraints, seem to affect investment, in particular for smaller firms and those in the services sector.
The remainder of the paper is organized as follows. The next section will present key stylized facts on aggregate investment behavior, including evidence on overinvestment, the role of corporate profitability, and sectoral investment patterns. This is followed by the application of a vector error correction and panel data analysis of aggregate and firm investment behavior, respectively. The empirical models are rooted in the neoclassical theories of aggregate and firm investment, but also aim to include factors that might arise from market imperfections. The final section will offer some concluding remarks and policy implications.
II. SOME STYLIZED FACTS
Over the last 30 years, total investment in Malaysia, and East Asian emerging markets more generally, has been characterized by large swings. On average, total gross fixed capital formation in these countries rose steadily from under 20 percent of GDP in the early 1970s to over 25 percent of GDP in the mid-1980s, and after a marked decline around 1986, rose again to peak at over 30 percent of GDP prior to the Asian financial crisis (Figure 1 ).
2 Investment declined to a prolonged trough of around 23 percent of GDP in the early 2000s. In Malaysia, total investment peaked at about 40 percent of GDP in the early 1980s and then again prior to the Asian financial crisis. The current investment trough, at about 20 percent of GDP, is only marginally lower than the previous one (circa 1988), but much more prolonged. Similar swings are observed in Korea and Thailand, the main comparator countries for the purpose of this paper, although in both countries the investment recovery since the Asian crisis has been quicker ( Figure 2 ).
Domestic private investment has been the main driver of these trends, and its sharp decline in the wake of the Asian financial crisis has been unprecedented, particularly for Korea, Malaysia and Thailand. Similarly, record investment prior to the crisis in these countries coincides with a surge of private investment. However, one exception is Malaysia's first investment boom in the mid-1980s, which was in part driven by a large increase in public investment projects. In all three countries, public investment has tended to play a relatively greater role after the crisis, partly offsetting the collapse of private investment.
By contrast, foreign direct investment (FDI) has played only a limited role in explaining recent sluggish private investment trends in Asia. For most emerging Asian countries, FDI is a relatively small part of total investment. 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 In Malaysia, overinvestment in the property sector appears to have played an important role in the marked boom and bust cycle of private investment of the last decade. 5 First, the real growth rate of property loans, which peaked at 30 percent per year during 1996-98, turned negative in 1999 and has remained substantially lower at about 5-10 percent per year since 2000. Similarly, the consumer price index for gross rent, which rose on average by 3-4 percent per year prior to 1998, has risen by 1 percent per year since. Comparing housing prices directly, it is also noteworthy that Malaysia's housing price index rose faster than in Thailand and Korea prior to the crisis and then registered the sharpest decline.
6 As for commercial property, a trend decline in hotel occupancy rates during the 1990s also points to unsustainable investment levels.
Firm-level data for Malaysia confirm the private investment trend observed in the aggregate data discussed above, but suggest that the recent decline of private investment was more broad based. 7 The corporate data used in this paper include all Malaysian listed nonfinancial firms covered in the WorldScope database during the period 1995-2004. Many of these firms entered the data set after 1995, implying shorter series for them. Firms that 4 Contrary to other studies, Mercereau (2004) argues for normalizing measures of FDI and concludes, broadly, that China's FDI flows do not have much impact on FDI flows to other countries. 5 Malaysian national accounts data do not provide sectoral detail on private investment. Because of these limitations the discussion here focuses on indirect indicators of investment activity. 6 For an analysis of property price bubbles in the Asian crisis countries, see Collyns and Senhadji (2002) . 7 While there are conceptual differences in the computation of investment in the two data sets, it is noteworthy that the corporate data seem representative of the investment dynamics observed at the macroeconomic level. The main conceptual differences refer to: (1) accrual nature of national accounts data versus cash basis of firmlevel corporate investment, and (2) the fact that firm-level investment is typically normalized by the firms' fixed assets (as in the case of the Worldscope database). 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 This decline in investment is mirrored by the slump in corporate profitability and market valuation indicators during the 1995-2004 period. The firm level data show a broad based decline in profitability during most of the sample period. In addition, despite the increase in 2003-04, profitability indicators remain low, including by regional comparison. Both the return on equity (ROE) and the return on assets (ROA) have been lower than the average of emerging market economies in the region since 1997. A similar trend is observed for Tobin's Q, measured as the ratio of market capitalization plus the book value of debt to total market value of assets, indicating that market participants expect profitability of Malaysia's corporate sector to remain relatively weak. In contrast with the profitability indicators, corporate sector soundness has improved substantially in Malaysia in recent years (Table 1) . Corporate leverage has decreased markedly since 1999, with the debt to equity (assets) ratio declining by more than 20 (7) percentage points between 1998-2004. 10 Moreover, liquidity indicators-including the current ratio (current assets to current liabilities), the quick ratio (cash and receivables to current liabilities), and the interest coverage ratio (earnings to interest expenses)-have all improved. These improvements reflect financial restructuring following the Asian crisis and recent favorable economic conditions.
The behavior of investment displays a broadly similar pattern across all five sectors studied.
With the exception of information technology (IT), the other sectors show a sizable decline in investment after 1998, with a small recovery taking place in 2004. In the case of IT, there is an additional big drop following the burst of the technology bubble in the United States in 2000-01. The behavior of Tobin's Q and ROA also displays strong comovement across sectors. All sectors experienced a sharp decline in the profitability and Tobin's Q during the Asian crisis, followed, with the exception of the more volatile IT sector, by relatively stable but generally low profitability since then. In some cases, a modest recovery has taken place during 2002-04. The industrial and service sectors, which account for about half the number of firms in the sample, have had the lowest profitability since the crisis.
10 Since the debt to asset ratio has been broadly stable in the last couple of years, the slight increase in the debt to equity ratio in 2003-04 is consistent with an asset build in the same period. 
III. DETERMINANTS OF PRIVATE INVESTMENT

A. Aggregate Trends
To provide a quantitative assessment of the determinants of private investment in Malaysia in the short and long run, we start from a simple conceptual framework that is anchored in the neoclassical theory of investment. 11 As shown in Jorgenson (1971) , in the long-run equilibrium, there is a stable relationship between an economy's capital stock, the level of real output and the real user cost of capital. Assuming constant rates of depreciation and real growth in the steady state, there should also be a long-run relationship between gross investment, output and the cost of capital (Pelgrin et al. 2002) . It should be noted at the outset, however, that estimating and interpreting even such a simple benchmark model for Malaysia is subject to data limitations. Specifically:
• With no quarterly data on private fixed capital formation available, and annual data only spanning the period 1973-2004, empirical results need to be interpreted with caution. Moreover, various IMF staff reports indicate that official data for 1973-85 were repeatedly revised, suggesting measurement problems.
12
• In the absence of long time series of long-term interest rates, average real bank lending rates are used as a proxy for capital cost. 13 This data series is adjusted by 11 For other country examples in the empirical literature, see Akkina and Celebi (2002) 12 Official data on private investment are derived indirectly from statistics on total investment and public sector spending.
13 Annual data on five-year government bonds are only available from 1993. the ratio of the investment deflator to the GDP-deflator to account for relative changes in capital cost (Pelgrin et al, 2002) . Yet, such an adjustment does not take into account quality improvements of investment goods over time, nor any tax factors that affect the cost of capital. Regulations on lending rates (e.g., interest rate ceilings) may also distort this measure.
The basic model is augmented by a number of other determinants that could arise from market imperfections or might reflect cost and return factors otherwise not captured in the baseline model. These include:
14
• Financial development and availability of financing: This is proxied by two variables, the ratio of private sector credit to GDP, or the ratio of stock market capitalization to GDP. More developed financial systems tend to lower the cost of intermediation and thus facilitate investment.
• Public investment: Public investment could crowd out private investment through increased borrowing and higher tax burden in the future or promote and complement it, to the extent that investments in infrastructure helps raise the productivity of the private sector.
• Exchange rate volatility: Exchange rate volatility may capture two effects: (1) the overall role of macroeconomic stability providing an environment conducive for investment; 15 or (2) the role of exchange rate risks as a direct investment risk.
Based on the above considerations, the following vector-error correction model is estimated:
(1) ...,
where Z represents a vector of the above variables in the short-run (in first differences for nonstationary variables), and d the adjustment coefficients to deviations from a long-term relationship determining investment (I), measured as real private fixed capital formation. A stable and statistically significant long-run relationship is only found with real output (Y).
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The main results for different specifications are summarized in Table 3. 14 For an overview of theoretical considerations concerning these variables see Ghura and Goodwin (2000) . 15 In some studies, this is also captured by controlling for periods of high inflation.
• Output growth translates one-to-one into private investment in the long run and this relationship is fairly robust to the inclusion of different short-run factors. 17 The negative adjustment coefficient on the error correction term in most model specifications also suggests that private investment tends to return to this long-run relationship. The model thus confirms that the decline in investment following the Asian crisis in part reflects overinvestment prior to the crisis. Calculations based on the model specification in Table 3 , column 1, suggest that there was significant private overinvestment of more than 10 percent of GDP per year for about four years prior to 1998.
• However, with the coefficient on the error-correction term estimated to be small, below 0.1-0.17 in most cases, adjustment takes about 6-10 years and periods of over-and underinvestment can be sustained. The apparent difficulty in achieving a timely restructuring may reflect that excess investment has been concentrated in the property sector as described above. An overhang in the capital stock here may well persist longer than in other sectors, in particular manufacturing, where machinery is continuously being replaced by newer vintage equipment and has a shorter life cycle.
• Real growth also has a statistically significant impact in the short run, with 1 percent higher growth leading to between 2-4 percent higher investment. The contractionary effect of the Asian financial crisis, leading to a decline in real growth of 7 percent in 1998, could thus have contributed to a fall in private investment of up to 30 percent. Similarly, a favorable external environment and robust growth since 2003 have supported the recent recovery in private investment.
• Apart from growth, the single biggest short-run impact stems from an Asian-crisis dummy, which is statistically significant and negative in all specifications. The measured coefficient of the crisis dummy, consistently above 0.7, implies that the crisis itself, ceteris paribus, caused private investment levels to drop by half. The dummy may account primarily for the heightened uncertainty, 18 a shift in investor sentiment reflecting a prolonged period of overinvestment, including in the property sector, and a worsening of investors' perception of governance. With regard to the latter, investor 17 This is in line with findings by Pelgrin et al. (2002) for a set of OECD countries. 18 In Malaysia, the ratio of real output growth to its standard deviation dropped from 7.6 (1994-97 average) to 1.8 (2000-05 average). 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 Source: Authors' estimates.
Malaysia -Overinvestment
(In percent of GDP) perceptions of political stability, regulatory quality, and the rule of law, appear to have worsened significantly at the time of the crisis. Compared with Korea and Thailand, where indicators recovered somewhat between 1998 and 2000, the drop in investor perceptions on governance was stronger and more protracted in Malaysia, which may help explain the relatively slow recovery of private investment. It is also noteworthy that a dummy to account for Malaysia's 1985 recession, the only other recession in the period of observation, is not found to be statistically significant from zero. This underscores that additional factors, other than the usual determinants of investment, were at play in 1998.
• Exchange rate volatility is not found to have a statistically significant impact on shortrun investment growth as long as the crisis dummy is included. 19 This suggests that the moderate exchange rate uncertainty experienced for most of the period did not affect private investment, while heightened volatility in 1998 was as much a result of the crisis as was the collapse of private investment in that year. The lack of evidence of a link between exchange rate volatility and investment may also reflect the declining importance of FDI, which could be relatively more exposed to exchange-rate risk, in overall investment as described above, or, an ambiguous theoretical relationship (see for example, Nicolas, 2004) . 19 Exchange rate volatility in Table 3 is measured as the standard deviation of monthly ringgit-U.S. dollar exchange rate changes. The results also hold if the nominal effective exchange rate is used. • The results do not clearly support that capital cost has a negative short-run impact on the growth rate of private investment. However, this needs to be interpreted with caution, given the measurement problems mentioned above and that including capital cost makes the coefficient on the error term statistically insignificant, pointing to problems with model specification. 20 Nevertheless, the impact of capital cost may also be captured by a substantial decline in Tobin's Q (the ratio of the market to the book value of assets), although limited data availability of Tobin's Q for the years 1991-2003 only precludes inclusion in the regression analysis. In this light, the slump in private investment after the Asian financial crisis could reflect a sharp increase in the relative cost of equity (see firm-level analysis below).
Malaysia -Perception of Governance
• There is no firm evidence that availability of financing has a short-run impact on investment growth at the aggregate level, both when measured as an increase in the ratio of market capitalization or credit to GDP. For market capitalization, which collapsed at the same time as private investment during the Asian crisis, this may reflect the short period of observation .
• Higher growth in public investment is not found to have a statistically significant shortrun impact on private investment.
B. Firm Investment
While the aggregate investment model highlights the role of growth and shifts in investor sentiment, evidence on capital cost and the availability of financing is inconclusive, probably in part reflecting data constraints. However, as the stylized firm-level data reveal, the recent decline in investment coincided with weakening profitability across all sectors, even as corporate leverage and liquidity indicators improved. To formally assess how much firmlevel determinants matter and assess their impact across industries, this section applies a standard model of corporate investment to the sample of Malaysian firms. According to the neoclassical model of firm investment behavior, a company's investment depends solely on its expected future profitability, usually proxied by Tobin's Q (Hubbard, 1998 and Appendix I). In general, corporate investment may also depend on other factors, including sales and 20 This difficulty in capturing a significant impact of capital cost on investment at the aggregate level is well documented in the empirical literature, which prompted researchers to turn to industry-or firm-level data to investigate the impact of capital cost. availability of funds. Therefore, the investment model estimated here can be expressed as follows:
where I/K is the investment to fixed assets ratio, Q is Tobin's Q, and Z is a vector of the following firm-specific variables:
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• sales, which reflect the accelerator effect, since an increase in sales (signaling more demand for a firm's output) could lead to an increase in investment;
• cash flow, which measures internal funds available to finance investment projects; cash flow may also be considered a proxy for current profitability;
• stock of liquid assets (including cash), which can be used to finance investment projects;
• leverage (measured by the debt-to-asset ratio), which captures the effect of financial restructuring on investment; and
• firm size, which typically controls for other firm characteristics that may be potentially important for investment.
Two approaches are used to control for the differences across sectors. First, in random effects and pooled least squares estimations, sectoral dummies are included in the regression. In the case of fixed effect (FE) estimations, separate FE estimations are run for each sector. The latter approach also has the advantage of allowing the effect of each regressor on investment to vary across sectors. The results reported are based on FE estimations as standard specification tests (Haussman-Wu and Breusch-Pagan) typically reject random effects specification at the 5 percent level. It should also be noted that outliers are excluded from the empirical analysis. In particular, each variable is trimmed based on its own average and standard deviation (points more than two standard deviations away from the average on either side were excluded). The other variables associated with that firm are not excluded.
Estimation Results
The estimation of equation (1) yields the following results:
• Tobin's Q and firm size are strongly positively correlated with investment (Table 4 ). The effect of Tobin's Q also holds if the shorter 2000-04 sample is used, or if a lagged value is used in the empirical model to avoid potential spurious contemporaneous correlations. 22 The firm-size effect remains strong and statistically significant for several definitions of size, including dummy classifications (top 25 th percentile) or other size measures such as sales and market capitalization.
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• Cash flow and, to some extent, leverage also matter for investment. In particular, higher cash flow leads to higher investment ratios, indicating that the availability of internal sources of financing is important for investment decisions. Leverage appears to be negatively associated with investment, but its effect is statistically significant only in the case of GLCs.
24
• Other variables do not seem to affect investment. The impact of sales on investment, while positive, is not statistically significant at the 5 percent level, suggesting a relatively weak accelerator effect. Corporate liquidity (proxied by the stock of cash and short-term securities) also does not have a statistically significant effect on investment.
• In general, the results in the baseline specification are robust, whether the full sample or the 2000-04 subperiod is used.
The effects of Tobin's Q and cash flow differ significantly according to the firm size group (Table 5) . To shed light on the size effect on investment, the sample is split into three groups:
(1) small firms (bottom 25 th percentile of the distribution of total assets); (2) medium firms (between the 25 th and 75 th percentiles); and (3) large firms (top 75 th percentile). While the role of Tobin's Q generally increases with size, by a factor of 3, the effect of cash flow is positive and statistically significant only for small firms. Also, for small companies, higher leverage has a negative effect on investment, indicating that, for these firms, insufficient financial restructuring may have been partly responsible for the sluggish recovery of investment during the post-Asian crisis period. Nevertheless, it is difficult to estimate the 22 Despite the fact that the theoretical model suggests the use of contemporaneous Tobin's Q in the regression (Appendix I), lagged values of the regressors can be used to minimize potential endogeneity bias. This type of bias could arise if Tobin's Q and investment are determined jointly. 23 A dummy for the top 25 th percentile in terms of market capitalization is used to control for very large firms. The estimations are also re-done with other measures of size. Results are robust to other measures, including the top 10 th percentile or top 50 firms, or including market valuation or other size measure ("unscaled") directly into the estimated regression. The whole sample is used to construct the size distribution, so that companies that have been present in the entire time span are slightly penalized if their asset valuation increased over time. 24 The effect of leverage turns out to be the main difference in the investment behavior of GLCs compared with that of non-GLCs. The coefficient is significant and has a larger absolute value for GLCs, suggesting that deleveraging might significantly boost their investment. effect of leverage on investment, as it appears to have affected those companies in the two tails of the firm size distribution, in this case, the small firms and the very large ones (typically GLCs).
Analysis by Sectors
The determinants of investment are also analyzed for each sector. The results confirm the importance of firm size across sectors, while Tobin's Q matters for investment for firms in the industrial and consumer goods sectors, as well as in utilities, resources and conglomerates. Meanwhile, the roles of the accelerator effect and financing constraints vary substantially (Table 6 ). The findings for the 5 major sectors can be summarized as follows:
• In the industrial sector, the accelerator effect is strong and significant. The estimated impact of sales on investment is statistically significant and twice as large compared with the whole sample, suggesting that cyclical factors might be important for investment decisions. The effects of Tobin's Q and size remain important, while cash flow and liquidity are not statistically significant. The latter finding could reflect the fact that industrial companies may have easier access to external funds, being able to offer sizable fixed assets as collateral.
• The investment behavior of companies in utilities, resources, and conglomerates is somewhat similar to those in the industrial sector. The effect of Tobin's Q is positive and large (although it is estimated with a large standard error) and the size effect is also positive and statistically significant. The impact of sales is statistically significant, although it is smaller than in the case of the industrial sector. The negative effect of leverage on investment, while significant, is driven by the GLCs as mentioned above.
• In the services sector, the effects of cash flow and liquidity are positive and statistically significant. The size effect is also strong, indicating that large companies invest more. Meanwhile, Tobin's Q and sales are not statistically significant. These findings suggest that firms in the services sector, which are generally smaller in terms of fixed assets available as collateral, face more stringent constraints to outside financing.
• The investment behavior of IT companies is broadly similar to those in the services sector. First, cash flow is statistically significant and has a positive effect on investment. Meanwhile, Tobin's Q and sales do not seem to matter for investment. Finally, the size effect, while positive, is not statistically significant.
• In the case of consumer goods sector, the effects of size and Tobin's Q on investment are positive and statistically significant, while other factors, including cash flow and liquidity, do not seem to matter.
IV. CONCLUDING REMARKS
Following the Asian crisis, private investment in Malaysia collapsed and remains substantially below precrisis levels, despite the recovery since 2004. This collapse in investment coupled with a sluggish recovery and broadly stable savings rate has moved Malaysia's current account from a deficit into a substantial and widening surplus since the late 1990s.
The paper's main objective is to improve our understanding of the determinants of private investment and point to policy measures aimed at further strengthening the ongoing investment recovery. To that end, we establish some stylized facts and apply some standard empirical models of investment to both macroeconomic and corporate data. While the former helps identify the long-term macroeconomic trends, the latter allows us to assess the role of corporate sector profitability and other firm characteristics, as well as differences across sectors.
The aggregate data show a significant overinvestment in the years leading to the Asian crisis. The long-term relationship between investment and its macroeconomic determinants, points to overinvestment for about 4 years prior to 1998 exceeding 10 percent of GDP. The decline in investment following the Asian crisis in part reflects this overinvestment. In addition, the estimates indicate that the adjustment process is slow, suggesting that periods of over-and underinvestment are not short-term phenomena. This may reflect the nature of excess investment, which appears to have been concentrated in the property sector with a more durable capital stock, and/or a shift in investor sentiment, including worsening perceptions of the investment climate.
Another main finding of this paper is that low corporate profitability reflected in Tobin's Q appears to have been a drag on private investment. Profitability has been low in Malaysia across all sectors studied, and has been lower than the average of emerging market economies in the region. Furthermore, low market valuation indicators (including Tobin's Q and price-earnings ratio) indicate that the market expects low future profitability, which could further contribute to the sluggishness of investment. While a comprehensive study of the determinants of corporate profitability is beyond the scope of this paper, it may be a promising avenue for future research. Meanwhile, higher cash flow has a positive impact on investment, indicating that the availability of internal funds matter for investment decisions.
There is some evidence of the effects of corporate financial restructuring on investment.
The empirical results also reveal differences in investment behavior across sectors and groups of firm size. For instance, while higher sales lead to higher investment in the case of the industrial sector, this effect is relatively weak in other sectors. Meanwhile, cash flow and liquidity are particularly relevant for investment in the services sector, pointing to financing constraints, perhaps consistent with a limited scope for collateralizing assets in this sector. Regarding firm size, smaller companies' investment appears to depend relatively more on cash flow and liquidity, indicating that access to external financing may be more constrained for smaller firms.
Overall, our findings suggest that addressing the worsening perceptions' of the investment climate and enhancing prospects for profitability at the corporate level are critical for sustaining the ongoing recovery of private investment. The analysis of the long-term trends indicates, however, that a return to precrisis investment levels appears neither desirable nor necessary for securing Malaysia's growth prospects.
Leverage and debt structure Debt to equity 
APPENDIX: A CANONICAL MODEL OF CORPORATE INVESTMENT Perfect Capital Markets
Consider the standard neoclassical model of investment with adjustment costs. The discussion below borrows freely from Hayashi (1982) and Caballero (1999 where K is the beginning-of-period capital stock, π is the profit function, I is investment, C is the cost of adjustment function, p is the relative price of capital goods and d is the constant rate of depreciation. Note that capital resulting from investment is assumed to become productive within the year.
The first-order conditions with respect to investment leads to the familiar Q relationships: According to the first-order condition, the marginal Q, denoted here by q, is defined as the expected present value of profits from new fixed capital investment. This equation can also be derived from arbitrage arguments.
To obtain an estimable equation for investment, one must assume functional forms for the adjustment cost function C. As shown by Hayashi (1982) , one convenient parameterization is where the intercept depends on the constant in the adjustment cost function and β = 1/η. The regression residual can be interpreted as an optimization error. Several implicit assumptions are made to justify the equation above as an estimable equation, including those that allow average Q to be used instead of marginal q. These include perfect competition in the factor and product markets, homogeneity of capital goods, linear homogeneity of technologies for production and adjustment costs, and independence of financing and investment decisions.
Imperfect capital markets
In the case of imperfect capital markets, the investment equation needs to be augmented to account for informational and other frictions that may exist. For example, informational asymmetries between borrowers and lenders (in practice firms know more about the riskiness and profitability of their investment projects) could lead to a gap between the cost of external financing and internal financing. In terms of the estimated equation, Q alone cannot explain fluctuations in investment. In addition, investment should be correlated with the change in net worth (internal funds) for firms that face capital market imperfections. Other variables such as liquidity (proxied by cash flow) and size may also affect investment decisions if they affect the marginal cost of funds, holding investment opportunities constant.
In the case of imperfect markets, the appropriate specification becomes: Where Z is a vector of firm-specific variables containing, sales, to account for any accelerator effect at the firm-level, cash flow, to control for the fact that financially constrained firms finance their investment operations with internal funds, or simply to reflect changes in liquidity; stock of liquid assets (including cash), since these assets are convertible to cash to finance investment projects.
